Accurate identification of bovine Parainfluenza type 3 virus in bovine respiratory disease requires dependable, sensitive, and specific techniques for detection in affected animals. Immunohistochemical testing can be a rapid and reliable means of demonstration of virus in tissues from suspect cases; however, this procedure is dependent upon the quality of the antisera directed against the viral antigens. The production of rabbit polyclonal and murine monoclonal antibodies directed against bovine Parainfluenza type 3 virus and techniques for their use in fresh-frozen and formalin-fixed paraffin-embedded tissues in immunofluorescence and immunoperoxidase-based immunohistochemical tests are described.
An additional technique for associating viruses with disease is direct microscopic demonstration of the virus in affected tissues using immunohistochemistry. Immunohistochemical tests are rapid and can be a sensitive and reliable method for viral diagnosis, however this method is dependent upon the availability of a high quality antiserum that will bind to specific antigens in tissue sections. Traditionally, polyclonal antisera have been developed for this purpose; however in recent years, these polyclonal antisera are being replaced by monoclonal antibodies (MAbs). Both types of antibody preparations have advantages and disad-ratory disease in . many countries. 3 However, dis-the precise the relationship of main effect of PI3 virus may be interference with im-this virus to BRD is still mune function, allowing concurrent or subsequent in-uncertain. Although Parainfluenza virus has been associated with severe outbreaks of both naturally occurring and exfections by other viruses and bacteria. 13 perimentally induced BRD, 3, 6, 24 in some reports, exposure to PI3 virus did not produce symptoms in the The association of bovine PI3 virus with BRD has vast majority of animals. 2, 7, 11, 18 Bovine PI3 virus is of sufficient pathogenicity to cause severe respiratory ease in some instances, 6 whereas in other studies been attempted through a number of laboratory tests. The most commonly reported technique is demonstration of the induction of serum antibodies to PI3 viral antigens. 1, 11, 16 This test is often inconclusive because seroconversion to PI3 virus may be associated with clinical disease in some animals 5, 12, 24 and may be asymptomatic in others. 2, 27, 28 Another means of implication has been isolation of the virus from tissues malin-fixed specimens. Alternatively, MAbs are less likely to contain contaminating antibodies to other pathogens or to normal tissue constituents that result in nonspecific or background staining. Monoclonal an-vantages for use in immunohistochemical stains. 14 tibodies are generally available in unlimited quantities, in contrast to the finite quantities of polyclonal anti-Polyclonal antisera recognize many epitopes on the sera, which enables standardization of the test methods within and between laboratories.
infecting virus and thus are likely to detect more isolates of the virus and viral epitopes retained in for-There are a number of methods used to render immunohistochemical stains microscopically visible. Im-as hematoxylin, limits the effectiveness of this method for simultaneous demonstration of the virus and the tissue lesion. An alternative to fluoresceinated stains is the enzyme-based immunohistochemical methods. 21 Immunoenzyme stains are permanent preparations visible with ordinary light microscopy and may be simultaneously counterstained for optimal demonstration of the histologic lesions, which may assist in establishing the pathogenicity of the agent in the case. 15 This advantage may be particularly important in assessing the contribution of the PI3 virus, given the uncertainty of this virus in BRD cases.
Parainfluenza type 3 virus is usually demonstrated immunohistochemically using frozen tissue sections; 17 although frozen sections have the advantage of rapid preparation, they suffer from suboptimal preservation of the morphological detail of the tissues. Tissue preservation may be improved by applying the immunohistochemical stain to fixed tissue specimens, however fixation may destroy immunogenic epitopes; many antisera used for immunohistochemical diagnosis are unreactive in fixed specimens. 14 Although the antigens of many other infectious disease agents have been demonstrated in fixed tissue specimens, 15 there is only 1 report in which bovine PI3 virus was detected in routinely formalin-fixed tissues. 32 The uncertainty concerning the role of PI3 virus in cases of BRD may result, in part, from failure to accurately detect and to evaluate the location of the virus in tissues of affected animals. The goal of the present study was to produce high quality polyclonal antisera and MAbs to bovine PI3 virus to develop enzyme and fluorescein-based immunohistochemical methods for detection of bovine PI3 virus in both fresh-frozen and formalin-fixed tissues. These assays should improve the reliability and flexibility of the available test methods for the detection of bovine PI3 virus in tissues from animals dying with BRD.
Materials and methods
P13 virus. A bovine PI3 virus that was isolated from a naturally occurring case of BRD was grown in Vero (monkey kidney epithelial) cells in Dulbecco's Modified Essential Medium a supplemented with 10% horse serum and 50 µg/ ml gentamycin. The virus was harvested by freeze/thaw disruption of the cells, collected by centrifugation and polyethylene glycol and salt precipitation, and purified by sucrose density-gradient centrifugation. 25 Protein concentrations were determined spectrophometrically. b P13 virus antibodies. Polyclonal antibodies to PI3 viruses were purchased from 3 commercial sources. c-e Polyclonal antibodies to bovine PI3 virus were also raised by immunization of New Zealand White rabbits by intramuscular injection with 0.3 mg of PI3 virus in 0.5 ml of Freund's complete adjuvant, followed by immunizations of similar amounts of virus in incomplete Freund's adjuvant 2 and 6 wk later. To increase the proportion of antibodies reactive with formalinresistant viral epitopes, the virus preparation was treated with 3.8% neutral buffered formalin for 1 hr at 4 C prior to immunization.
Two MAbs to human PI3 virus were obtained commercially. f,g Monoclonal antibodies to bovine PI3 were induced by immunization of mice with formalin-fixed PI3 virus, selected through enzyme-linked immunosorbent assay (ELISA) methods, tested for immunohistochemical reactivity in frozen and fixed tissues, and characterized for PI3 virus protein specificity by immunoprecipitation. Monoclonal antibodies were produced by fusion of murine NS-1 myeloma cells with spleen cells obtained from mice 4 days following intravenous immunization with 50 µg of PI3 viral antigen preparation. Mice were previously immunized similarly to the rabbits except that the injections were 0.1 ml administered intraperitoneal. Myeloma cells were fused to spleen cells from immunized mice using 40% polyethylene glycol 1,000. h Hybridoma cells were selected by growth in medium containing hypoxanthine, aminopterin, and thymidine (HAT) i for 10 days followed by growth in hypoxanthine/thymidine medium (HT) for 14 days then cloned by limiting dilution. 20 Ascitic fluids containing MAbs were obtained following intraperitoneal inoculation of 1 x 10 6 hybridoma cells into mice 10 days following intraperitoneal injection of 0.5 ml pristane. Hybridomas producing PI3 virus reactive MAbs were tested for stability of antibody production and clone viability by subjection twice to freeze/thawing followed by clone expansion in tissue culture and confirmation of antibody production.
Polyclonal antisera, MAb ascitic fluids, and hybridoma supernatants containing antibodies to PI3 virus were identified by an ELISA and confirmed by immunohistochemistry on frozen sections and formalin-fixed sections of experimentally PI3 virus-infected bovine lung tissues.
Monoclonal antibody isotypes were determined using a commercially available kit according to the manufacturer's directions. i ELISA. The ELISA for the detection of antibodies to PI3 virus was performed with polypropylene plated coated overnight at 4 C with 0.2 µg/well of formalin-fixed PI3 virus or with protein similarly prepared from uninfected Vero cells. The method was an indirect microplate ELISA similar to that previously described. 31 Binding of rabbit, goat, and guinea pig polyclonal antibodies was detected with a 1/1,000 dilution of horseradish peroxidase (HRP)-conjugated goat antisera to rabbit, goat, or guinea pig IgG F(ab')2 k as appropriate and binding of murine antibodies with HRP-conjugated goat antisera to mouse immunoglobulin (IgG H&L). k Binding of peroxidase-conjugated antibodies was detected following the addition of peroxidase substrate, 2.2'-azinodi[3-ethyl-benzthiazoline sulfonate(6)]. 1 Cell supernatants were tested undiluted, and positive responses were those that yielded an optical density >30% of that obtained with a 1/1,000 dilution of ascitic fluid of a positive control MAb. f Immunohistochemical methods. Polyclonal antisera and antibodies from hybridomas producing antibodies recognizing PI3 virus in the ELISA were tested for recognition of cell-associated PI3 antigens using immunohistochemical assays on frozen and on formalin-fixed paraffin-embedded sec-tions. Sections of frozen lung were prepared from PI3 virusinfected and uninfected tissues embedded in OCT m and stored at -70 C until sectioning. Six-micrometer sections were applied to glass slides coated with 0.01% poly-D-lysine hydrobromide' and air-dried at room temperature for 10-30 min then fixed for 30 set in a freshly prepared mixture of acetone/methanol (50:50). The sections were washed once for 5 min in 0.1 M phosphate-buffered saline (PBS), pH 7.6, then treated to saturate nonspecific adherence of proteins to the sections by 15-min exposure to 5.0% skim milk in PBS (PBS-SM). The skim milk solution was drained from the sections, and the polyclonal antisera, hybridoma supematant, or ascitic fluid was applied to the sections diluted in PBS-SM. Polyclonal antisera were tested serially diluted l/500-1/8,000, hybridoma cell supernatants undiluted, and ascitic fluids serially diluted 1/1,000-1/8,000. Following 60min incubation in a humid chamber, the sections were drained and washed by 3 times the immersion in PBS for 5 min. The slides were then flooded with biotinylated horse antisera to either mouse, rabbit, goat, or guinea pig IgG k as appropriate, diluted 1/1,000 in PBS-SM. Following 30-min incubation in a humid chamber, the sections were washed 3 times in PBS and avidin-biotin complex solution, n prepared according to the manufacturer's instructions, applied to the tissues. The slides were incubated for 60 min at room temperature, washed 3 times in PBS, then flooded for 5 min with a freshly prepared solution of 1 mg/ml peroxidase substrate, 3'3,diaminobenzadine HCl o in PBS supplemented with 0.01% H 2 O 2 . The sections were washed in PBS, counterstained with hematoxylin, dehydrated, and mounted.
Polyclonal antisera, hybridoma cell supernatants, and ascitic fluids were also tested for binding to frozen sections using an immunofluorescence system. The method was similar to that described for immunoperoxidase-based stains except that following the biotinylated antibody a solution of streptavidin-fluorescein isothiocyanatep was applied to the sections. Following 60-min incubation, the slides were washed 3 times in PBS, mounted in neutral buffered glycerine with 0.1% 1,4 phenyldiamine, and viewed immediately under ultraviolet light.
Polyclonal antisera, hybridoma cell supernatants, and ascitic fluids from hybridomas detecting PI3 virus in ELISA were also tested for immunohistochemical reactivity in PI3infected and uninfected formalin-fixed paraffin-embedded tissues. 14 The technique was similar to that described for frozen sections, except that the sections were deparaffinized and rehydrated by xylene and exposure to graded concentrations of ethanol, treated for 30 min with methanol containing 0.5% H 2 O 2 to inactivate endogenous tissue peroxidases, then digested for 15 min at 37 C in a solution of 0.05% protease type XIV i prior to initiation of the immunostaining.
The immunohistochemical staining on each tissue was graded l-3 + in intensity relative to the staining obtained on that tissue with the rabbit polyclonal antisera (graded 3+) produced in this study.
Tissues. PI3 virus-infected bovine tissues were obtained following induction of respiratory disease in a newborn calf by aerosol administration of 10 9 plaque-forming units of PI3 virus at birth and 24 hr later. The calf developed fever and dyspnea 3 days following inoculation and was killed and tissues were collected 5 days postinfection. Lung tissue was embedded in OCT and frozen in liquid nitrogen for preparation of frozen sections or fixed for 24-48 hr in 10% neutral buffered formalin then embedded in paraffin. Histologic examination of the tissues showed a diffuse interstitial pneumonia and a proliferative bronchiolitis with syncytial cell formation and many prominent inclusion bodies.
Negative control tissues were from bovine lung uninfected with PI3 virus obtained from the Pathology Department of the Western College of Veterinary Medicine. Tissues considered free of PI3 virus were those in which no PI3 virus was isolated or identified by immunohistochemical testing by the Diagnostic Virology Laboratory at the Western College of Veterinary Medicine and in which there was an absence of clinical disease and histologic lesions typically associated with PI3 virus infections. 4, 5 Immunoprecipitation. The molecular weights of the proteins detected by the PI3 virus-reactive MAbs were determined by radioimmunoprecipitation (RIPA). 22 Confluent Vero cells were infected with 3 TCID 50 of PI3 virus. At 22 hr postinfection, the growth medium was replaced with methionine-free minimal essential medium containing 2% fetal bovine serum, followed by the addition of 100 µCi of Tran-35 S Label q /75 cm 2 of cells at 24 hr postinfection. At 48 hr postinfection, the cells were scraped off the plates, collected by centrifugation, washed in PBS (0.1 M, pH 7.2), and resuspended in an RIPA buffer (150 mM NaCl, 50 mM Tris-HC1 [pH 7.51], 1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS). Following incubation on ice for 15 min, the cells were sonicated and centrifuged to remove the debris.
Five microliters of MAb ascitic fluid in 100 µ1 of RIPA buffer or 200 µ1 of undiluted hybridoma culture supernatant in 500 µ1 of RIPA buffer were incubated with the radiolabeled viral protein supernate from 5 cm 2 of cells. The mixture was incubated 4 hr at 4 C, then 20 µ1 of goat anti-mouse IgG coupled to protein A sepharose r was added and the mixture was further incubated at 4 C for 2 hr. The resulting precipitates were washed 5 times in RIPA buffer and separated on an 8.5% denaturing acrylamide gel. The gels were fixed, soaked in fluor, s and autoradiographed on X-OMAT AR film t at -70 c.
Results
All commercially purchased polyclonal antisera to PI3 virus detected some antigens of bovine PI3 virus in ELISA; however, in immunohistochemical assays there was diffuse background staining of normal tissue constituents in frozen and formalin-fixed sections from PI3-infected bovine lung, which rendered interpretation of the staining uncertain. Similar staining of normal tissue antigens was also apparent on uninfected tissues. In contrast, rabbit polyclonal antisera produced for this study resulted in distinct staining consistent with localization of PI3 viral antigens in tissues from the calf experimentally infected with PI3 virus and minimal staining of normal bovine cell and tissue antigens (Fig. 1) . Similar staining was obtained using immunoperoxidase and immunofluorescence staining tions by immunohistochemical staining. Fourteen clones were confirmed to be resistant to the effects of repeated freezing/thawing and to consistently secrete MAbs into tissue culture supernatants and ascitic fluids following intraperitoneal injection into pristine-primed mice. The identity of the PI3 virus proteins detected by each of the MAbs demonstrated by immunoprecipitation tests, the isotypes of each MAb, and immunohistochemical reactivity on frozen and formalin-fixed PI3-infected tissues are shown in Table 1 . Immunoprecipitation tests demonstrated that most MAbs were directed to the 69,kD hemagglutinin-neuraminadase or 55-kD fusion glycoproteins of the PI3 virus. 22 methods and when tissues were tested either as frozen sections or following fixation in formalin and embedding in paraffin. The staining with polyclonal antibodies was diffusely cytoplasmic with accentuation of alveolar and bronchial epithelial cell surfaces and intense staining of cytoplasmic inclusion bodies in some cells.
The commercially purchased MAbs to human PI3 virus detected bovine PI3 viral antigens in ELISA; however, with the immunohistochemical procedure specific staining was not discernible. Low antibody di-Whereas 14 stable clones secreted MAbs binding PI3 viral antigens in fresh-frozen tissue sections, only 7 clones detected PI3 virus epitopes preserved following formalin fixation and paraffin embedding. The immunohistochemical staining associated with all PI3 viral MAbs was most apparent in bronchial epithelial cells. In frozen tissue sections, the staining tended to be diffusely granular and cytoplasmic ( Fig. 2a, 2b) with accentuation of the cytoplasmic inclusion bodies, whereas in formalin-fixed paraffin-embedded tissues, there was generally only pale diffuse cytoplasmic staining and dramatic staining of cytoplasmic inclusion bodies of various sizes (Fig. 3) . Some alveolar epithelial cells in areas of interstitial pneumonia were similarly stained. There was no staining when these antibodies were applied to uninfected tissues, and there was no discernible staining of normal cell components in PI3 virus-infected or in uninfected tissues with the PI3 virus MAbs. lutions caused excessive background staining in both fresh-frozen and formalin-fixed PI3-infected and un-Discussion infected tissues. Determination of the role of PI3 virus in BRD re-Nine cell fusions were performed in this study and quires an accurate and reliable means whereby the vi->300 hybridomas were identified that secreted MAbs rus can be demonstrated in tissues of suspect clinical cases. This study reports the production of polyclonal reported. As was confirmed in the present study, some and monoclonal antibodies and immunohistochemical MAbs to human PI3 virus detect bovine PI3 virus; 19, 30 methods for the detection of PI3 virus in frozen sec-however, the usefulness of these as diagnostic agents tions and in formalin-fixed paraffin-embedded tissues. is uncertain because amino acid and gene sequence Both the immunofluorescence-and the immunoperoxanalysis have revealed that shared antigenic sites are idase-based immunohistochemical procedures described in this study were applicable for use with either frozen or formalin-fixed tissue sections. Frozen sections have the advantage of rapidity of testing because they may be prepared and examined within hours of receipt of the specimen. Formalin-fixed tissues, however, involve delays while the tissue is processed and embedded but yield tissue sections with much superior morphological detail for more accurate cell and tissue uncommon and probably represent conformational epitopes 29 that may be readily lost depending upon tissue handling and processing techniques. The >300 hybridomas that were produced for this study secreted antibodies that bound PI3 viral antigens in ELISA tests, however only 27 convincingly detected PI3 epitopes in tissue sections. These findings emphasize the importance of employing a hybridoma screening method that will select clones producing antibodies that will identification and enable retrospective study of tissues function in the assay for which they are intended. Foursubmitted for histologic evaluation. The demonstra-teen of these 27 clones were stable to the effects of tion of the distribution of PI3 viral antigens in lesions repeated freezing and thawing and had consistent anand in association with specific cell types may be es-tibody production. Only 7 clones secreted MAbs able pecially important in the diagnosis of this agent in BRD to recognize PI3 viral epitopes resistant to the effects because PI3 virus has been isolated from healthy an-of formalin fixation. The mice used as B cell donors imals. 9, 10 for hybridoma cell production were immunized with The polyclonal antisera produced for this study were a formalin-fixed PI3 virus preparation that may have superior to those purchased commercially. In contrast enhanced the selection of cells producing antibodies to the staining achieved using commercial antisera, that recognized epitopes resistant to the effects of forthere was little staining of normal cell, serum, or tissue malin fixation. However many of these MAbs were constituents, probably because of elimination of bo-unable to detect PI3 viral antigens in fixed tissue specvine antigens from the immunizing preparation. The imens, perhaps because of the conformation-depen-PI3 virus was cultured in a nonbovine cell line without dent nature of many PI3 virus epitopes. 29 the addition of fetal bovine serum to the culture me-
The polyclonal antisera and MAbs produced for this dium. Generally, PI3 virus is grown in bovine cell lines study were of high quality and were specific for bovine (Madin Darby bovine kidney) in medium supple-PI3 virus, and the described immunohistochemical test mented with fetal bovine serum, thus the immunizing procedures are versatile. Together these tools enhance preparation is contaminated with normal bovine antigens that stimulate the production of antibodies reacting with bovine cells and tissues causing "background" staining when the antiserum is used in immunohistochemical stains.
In contrast to the finite amounts of polyclonal an-
We are grateful to Brian Chelack, Diagnostic Immunology the diagnostic repertoire for demonstration of bovine PI3 virus and will assist in clarification of the role of this virus in BRD.
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